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Figure 5-25. Brice Method of Stream Classification for Alluvial Channels (Brice, 1975)
5.34

The Schumm Method was selected as the method whose results were most relevant for this
study. This conclusion was reached based on two items: i) the Schumm Method was developed
in the Great Plains area of the US, which is where this project is located; and ii) the Schumm
Method provides an indication of the stability of the channel. In contrast, the Brice Method used
data from across the US for its development. While the Brice Method classifies streams, it does
not provide an indication for the degree of channel stability.

Selected Classification System
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As seen in Table 6-2, Sheyenne River 8 and Wild Rice River 1 each have sinuosity values of
around four, which means that these reaches have a much greater channel length per down valley
distance than the other study stream reaches. Wild Rice River 1 is a relatively short reach
compared to the other reaches and has very large meander bend that, although prominent in that
reach, appears similar in planform to upstream reaches but is likely skewing the sinuosity value
to the high side.

Sheyenne River 8 is a sufficiently long reach to prevent a single meander bend from skewing the
sinuosity value. Further, it exhibits a two-phase, bi-modal meander pattern (see Figure 5-25) that
is absent for the other stream reaches. Because of the proximity of this reach to the sandy beach
deposits of glacial Lake Agassiz, there is likely to be a greater supply of sand to this reach
compared with downstream reaches. The sediment transport capacity in Sheyenne River 8
appears to be insufficient to transport all of the sand that is supplied to it from upstream. As a
result, the channel has responded by shifting laterally at a slightly greater rate and increasing its
overall channel length, which is approximately 2 times longer than downstream reaches, to
accommodate storage of the additional sand.

6.1.2 Meander Migration Rates

Quantification of historic meander migration rates can be useful for predicting future behavior of
rivers under certain conditions. Additionally, historic rates can serve as a base line for
observation of future channel migration rates. Migration rates were calculated for each of the
detailed study reaches, except Rush 1 and Lower Rush 1, which have experienced significant
historic channelization and straightening. Wolverton 1 and 2 were excluded due to the poor
quality of the historic aerial imagery and the associated uncertainty in determination of bank
lines for those relatively narrow reaches.

Meander migration can take numerous forms aside from down valley migration (translation);
these include expansion, extension, rotation, or combinations of these types (Figure 6-1).
Meander migration rates were calculated using a methodology similar to the guidance found in
National Cooperative Highway Reach Program Report 533 (NCHRP, 2004). Circles were
inscribed along the channel centerlines at each meander bend for each of the 3 years of data.
Typically, these circles would be drawn such that they define the outer banklines; however, due
to the relatively dense vegetation along many of the banks and the associated difficulty in
accurately defining the bank lines, centerlines were used as a proxy. In ArcGIS, centroids were
calculated for each of the circles and XY coordinates assigned to these centroids. The linear
distance between the centroids for each meander, for each of the 3 years was then calculated
using the differences between the coordinates. The distances between meander centroids of
differing years represent the channel migration (Figure 6-2). The calculated distances were
averaged for each detailed study reach and are shown in Table 6-3. As seen in Table 6-3, very
little channel migration was observed.
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Table 6-3. Meander Migration Rates for the Detailed Study Reaches

Migration Migration Migration # Meanders

Detailed Study Reach Rate Year 3 | Rate Year 2 | Rate Year 3 Used in

to Year 2 to Year 1 to Year 1 Calculation
(ft) (ft) (ft)

Buffalo River-1-1.19 0 0 0 3
Lower Rush River-1-1.10 v ¥ ¥ ¥
Lower Rush River-2-6.03 0 0 0 3

Maple River-1-0.78 0 0 0 5

Maple River-2-11.39 0 0 0 4

Red River-1-410.65 0 0 0 2

Red River-2-419.14 0 0 0 4

Red River-3-440.57 0 0 0 3

Red River-4-452.52 0 0 0 2

Red River-5-463.56 0 0 0 2

Red River-6-470.23 0 0 0 2

Red River-7-492.47 0 0 0 2

Red River-8-521.18 0 0 0 7

Rush River-1-0.08 v v ¥ Y
Rush River-2-6.15 0 0 0 2
Sheyenne River-1-4.20 0 0 0 3
Sheyenne River-2-11.56 0 0 0 3
Sheyenne River-3-18.15 0 0 0 3
Sheyenne River-4-22.27 0 0 0 2
Sheyenne River-5-26.47 0 0 0 2
Sheyenne River-6-35.82 0 0 0 2
Sheyenne River-7-43.27 3 0 2 4
Sheyenne River-8-55.75 1 1 1 7
Wild Rice River-1-3.01 0 0 0 4
Wild Rice River-2-4.23 0 0 0 4
Wild Rice River-3-17.52 0 0 0 2
Wild Rice River-4-22.94 0 0 0 4
Wild Rice River-5-38.49 0 0 0 3
Wild Rice River-6-42.36 0 0 0 5
Wolverton Creek-1-0.64 4 4 4 4
Wolverton Creek-2-2.02 7 Z 4 4

Ynot calculated due to significant channelization
?not calculated due to poor image quality

6.1.3

A meander is a bend in a sinuous watercourse. Two common measures of meander geometry are
amplitude and frequency (wavelength). As defined by Leopold et al. (1964), meander amplitude

Meander Amplitude and Frequency
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changes between measured years are provided in Table 6-4 and Table 6-5. It should be noted
that the meander amplitude was calculated for the entire length of each general study reach while
the meander migration was calculated only along the length of the detailed study reaches.
Accordingly, while for most study reaches there is no change in meander amplitude or meander
migration, a reach may show a very small change in one measurement but not the other.

Figure 6-4. Meander Amplitude and Wavelength Calculation Method
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Table 6-4. Average Meander Amplitude for Detailed Study Reaches

Amplitude (ft) Year 3 to Year 2 to Year 3 to
Detailed Study Reach Year 3 Year 2 Year 1 Year 2 Year 1 Year 1
(oldest) (youngest) Change Change Change
Buffalo River-1-1.19 557 557 557 0% 0% 0%
Lower Rush River-1-1.10 v v v v v v
Lower Rush River-2-6.03 524 524 524 0% 0% 0%
Maple River-1-0.78 260 260 260 0% 0% 0%
Maple River-2-11.39 898 898 898 0% 0% 0%
Red River-1-410.65 4 2,034 2,052 4 1% 4
Red River-2-419.14 916 924 924 1% 0% 1%
Red River-3-440.57 1,406 1,406 1,406 0% 0% 0%
Red River-4-452.52 2,446 2,446 2,446 0% 0% 0%
Red River-5-463.56 680 655 655 -4% 0% -4%
Red River-6-470.23 1,715 1,701 1,701 -1% 0% -1%
Red River-7-492.47 1,941 1,941 1,941 0% 0% 0%
Red River-8-521.18 548 548 548 0% 0% 0%
Rush River-1-0.08 v v v v v v
Rush River-2-6.15 322 322 322 0% 0% 0%
Sheyenne River-1-4.20 869 869 869 0% 0% 0%
Sheyenne River-2-11.56 376 376 376 0% 0% 0%
Sheyenne River-3-18.15 1,224 1,228 1,236 0% 1% 1%
Sheyenne River-4-22.27 487 487 487 0% 0% 0%
Sheyenne River-5-26.47 769 769 769 0% 0% 0%
Sheyenne River-6-35.82 631 631 631 0% 0% 0%
Sheyenne River-7-43.27 456 456 456 0% 0% 0%
Sheyenne River-8-55.75 498 498 498 0% 0% 0%
Wild Rice River-1-3.01 338 338 333 0% -2% -2%
Wild Rice River-2-4.23 382 390 390 2% 0% 2%
Wild Rice River-3-17.52 1,102 1,102 1,102 0% 0% 0%
Wild Rice River-4-22.94 694 694 694 0% 0% 0%
Wild Rice River-5-38.49 1,144 1,144 1,144 0% 0% 0%
Wild Rice River-6-42.36 468 468 468 0% 0% 0%
Wolverton Creek-1-0.64 93 104 104 11% 0% 10%
Wolverton Creek-2-2.02 86 97 97 14% 0% 12%

Yhot calculated due to significant channelization
Znot calculated due to limited aerial imagery coverage
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Table 6-5. Average Meander Frequency for Detailed Study Reaches

Frequency (ft) Year 3 to Year 2 to Year 3 to
Detailed Study Reach Year 3 Year 2 Year 1 Year 2 Year 1 Year 1
(oldest) (youngest) Change Change Change
Buffalo River-1-1.19 681 681 681 0% 0% 0%
Lower Rush River-1-1.10 v v v v v v
Lower Rush River-2-6.03 1,532 1,532 1,532 0% 0% 0%
Maple River-1-0.78 739 739 739 0% 0% 0%
Maple River-2-11.39 1,831 1,831 1,831 0% 0% 0%
Red River-1-410.65 = 2,066 2,066 = 0% =
Red River-2-419.14 2,242 2,248 2,248 0% 0% 0%
Red River-3-440.57 1,901 1,901 1,901 0% 0% 0%
Red River-4-452.52 2,750 2,750 2,750 0% 0% 0%
Red River-5-463.56 2,449 2,449 2,449 0% 0% 0%
Red River-6-470.23 1,310 1,310 1,310 0% 0% 0%
Red River-7-492.47 2,002 2,002 2,002 0% 0% 0%
Red River-8-521.18 1,298 1,298 1,298 0% 0% 0%
Rush River-1-0.08 v v v v v v
Rush River-2-6.15 2,344 2,344 2,344 0% 0% 0%
Sheyenne River-1-4.20 1,238 1,238 1,238 0% 0% 0%
Sheyenne River-2-11.56 1,474 1,474 1,474 0% 0% 0%
Sheyenne River-3-18.15 1,533 1,551 1,538 1% -1% 0%
Sheyenne River-4-22.27 923 923 923 0% 0% 0%
Sheyenne River-5-26.47 850 850 850 0% 0% 0%
Sheyenne River-6-35.82 936 936 936 0% 0% 0%
Sheyenne River-7-43.27 1,028 1,028 1,028 0% 0% 0%
Sheyenne River-8-55.75 1,265 1,265 1,265 0% 0% 0%
Wild Rice River-1-3.01 910 910 910 0% 0% 0%
Wild Rice River-2-4.23 738 745 745 1% 0% 1%
Wild Rice River-3-17.52 1,346 1,346 1,346 0% 0% 0%
Wild Rice River-4-22.94 1,514 1,514 1,514 0% 0% 0%
Wild Rice River-5-38.49 1,709 1,709 1,709 0% 0% 0%
Wild Rice River-6-42.36 1,353 1,353 1,353 0% 0% 0%
Wolverton Creek-1-0.64 285 314 314 10% 0% 9%
Wolverton Creek-2-2.02 615 625 625 2% 0% 2%

Yhot calculated due to significant channelization
Znot calculated due to limited aerial imagery coverage

6.1.4 Meander Belt

Meander belt is defined by the United States Geological Survey as the area between lines drawn
tangentially to the extreme limits of fully developed meanders (USGS, 1995). This is the total
area over which a meandering river might be expected to occupy some portion of, at some point
in time. Meander belt width is always larger than meander amplitude as belt width is measured
from the outside bends of the river rather than from the channel centerline as is the procedure for
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determining meander amplitude. Furthermore, depending on the regularity of the meanders, the
belt width may be considerably larger than the average amplitude (Figure 6-5).

Figure 6-5. Example of a Specific Meander Defining the Meander Belt Width for a Reach
(Parish Geomorphic, 2004)

Meander belt width was determined for Year 1, Year 2, and Year 3 for each detailed study reach
except for Rush 1 and Lower Rush 1, which have experienced considerable historic
channelization. Year 2 and Year 3 for Wolverton 1 and Wolverton 2 were excluded from this
analysis due to the poor quality of the historic aerial imagery and associated uncertainty in
determination of bank lines for those reaches. Meander belt width was determined in the
following manner. Lines were digitized in GIS along the outside bank of the extreme meanders
of each detailed study reach. In many cases the extreme meanders were located outside of
(upstream or downstream) the detailed study reach; therefore the belt width lines were extended
beyond the limits of the detailed study reaches in order to avoid incorrectly biasing the
calculation towards a narrower width by not incorporating the extreme meanders (Figure 6-6).
The meander belt width lines were converted to polygons and then clipped to the extents of the
detailed study reaches. Centerlines for the belt width polygons were automatically generated
using ArcGIS. The calculated areas for the belt width polygons were divided by the centerline
length to provide an average belt width for each detailed study reach (Table 6-6). The average
belt widths for most study streams showed no measureable change over the time scale of the
available data. The maximum calculated % change value for all study reaches is 2%, and occurs
for reach Red River 2. At this location, this value might be due to error associated with
identification of the bank lines due to flooding and high water levels at the time the Year 2
imagery was collected. Although, it was ultimately impossible to quantify the error associated
with the various parts of the stability analysis, the range of error is likely at least +/- 5%, and the
2% value falls within this range. It should be noted that historic meander belt widths for the
period preceding the Year 3 photography were not defined. It is therefore possible that historic
meander belt widths are different from those reported herein. Although not part of the scope of
work for this project, additional analysis of available LiIDAR data could be conducted to further
investigate the historic lateral extents of the study streams. However, the data used in the
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evaluation is considered sufficient for the purpose of defining the recent historic and future
stability of the study streams.

Detailed Study Reach
Sheyenne River 7

D Bank Lines

Meander Belt (extended)

oL _: Meander Belt {detailed study reach)

Figure 6-6. Example of Meander Bend Digitizing Procedure
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Table 6-6. Average Meander Belt Widths

Year 3 Year 1 Year 3 to Year 2 to Year 3to

Detied Sy Reach | (ol vear2 (f) (younge) Crange | Change | Change
(%) (%) (%)
Buffalo River-1-1.19 953 953 953 0% 0% 0%
Lower Rush River-1-1.10 -t -1 -t -1 -t -1
Lower Rush River-2-6.03 663 663 663 0% 0% 0%
Maple River-1-0.78 1284 1284 1284 0% 0% 0%
Maple River-2-11.39 2333 2333 2333 0% 0% 0%
Red River-1-410.65 -2 2320 2330 -2 0% -2
Red River-2-419.14 3575 3639 3639 2% 0% 2%
Red River-3-440.57 2945 2945 2945 0% 0% 0%
Red River-4-452.52 1890 1890 1890 0% 0% 0%
Red River-5-463.56 1646 1646 1646 0% 0% 0%
Red River-6-470.23 1895 1880 1880 -1% 0% -1%
Red River-7-492.47 3096 3121 3121 1% 0% 1%
Red River-8-521.18 2568 2568 2568 0% 0% 0%
Rush River-1-0.08 -t -t -t -t -t -t
Rush River-2-6.15 1408 1408 1408 0% 0% 0%
Sheyenne River-1-4.20 2100 2100 2100 0% 0% 0%
Sheyenne River-2-11.56 1861 1861 1861 0% 0% 0%
Sheyenne River-3-18.15 1736 1736 1749 0% 1% 1%
Sheyenne River-4-22.27 1243 1243 1243 0% 0% 0%
Sheyenne River-5-26.47 2230 2230 2230 0% 0% 0%
Sheyenne River-6-35.82 1744 1744 1744 0% 0% 0%
Sheyenne River-7-43.27 1646 1646 1646 0% 0% 0%
Sheyenne River-8-55.75 2807 2807 2807 0% 0% 0%
Wild Rice River-1-3.01 1940 1940 1940 0% 0% 0%
Wild Rice River-2-4.23 1608 1608 1608 0% 0% 0%
Wild Rice River-3-17.52 1344 1344 1344 0% 0% 0%
Wild Rice River-4-22.94 2633 2633 2633 0% 0% 0%
Wild Rice River-5-38.49 2019 2019 2019 0% 0% 0%
Wild Rice River-6-42.36 2214 2214 2214 0% 0% 0%
Wolverton Creek-1-0.64 679 -3 -2 -3 -2 -3
Wolverton Creek-2-2.02 221 -2 -3 -2 -3 -3

Ynot calculated due to significant channelization
Znot calculated due to limited aerial imagery coverage
¥not calculated due to poor image quality

6.1.5

The aerial imagery for Years 1, 2 and 3 were reviewed for identifiable depositional features such
as mid-channel bars, point bars, delta bars, and side bars in order to identify temporal trends in

Trends in Sedimentation Features
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that a generally proportionate volume of the total suspended sand load will be diverted. Where
hydraulic control such as weirs or gates obstruct or block flow, corresponding accumulations of
sand should be expected. If the diversion of flow results in an uneven diversion of the total sand
load, a potential exists for a greater portion of the sand load to be transported as bedload.

9.3 Potential Morphologic Changes

As previously discussed, since the majority of the sediment is transported as wash load, the
morphology of the channels does not appear to be sensitive to the existing sediment transport
rates. The minor amount of sand transported by the stream channels is not sufficient to form
depositional features that would alter the channel morphology. The cohesive clays and silts that
form the channel bed and bank provide sufficient erosion resistance to prevent significant
changes in channel shape and location. As previously mentioned, only Sheyenne River Reach 8
was found to have sufficient sand to be influencing the morphology of the stream. Reach 8 is the
only reach to exhibit a two phase bi-modal sinuous planform (see Figure 5-25). It also has a
much greater sinuosity value of 4 compared with downstream reaches that have values averaging
1.8. Because of the proximity of this reach to the sandy beach deposits of glacial Lake Agassiz,
there is likely to be a greater supply of sand to this reach compared with downstream reaches.
The sediment transport capacity in Reach 8 appears to be insufficient to transport all of the sand
that is supplied to it from upstream. As a result, the channel has responded by shifting laterally
at a slightly greater rate and increasing its overall channel length, which is approximately 2 times
longer than downstream reaches, to accommodate the storage of additional sand. The proposed
LPP diversion alignment is located sufficiently downstream from Sheyenne River Reach 8, that
there is not expected to be any impact on the existing channel morphology from the project.

Changes in the sediment supply and therefore the rate of transport are not expected to
significantly impact the channel morphology. However, as previously discussed, the reaches of
the Red River, Wild Rice River and Wolverton Creek located upstream of the LPP diversion that
will be affected by backwater from the staging of floodwaters upstream of the diversion are
likely to experience an increased rate of overbank sedimentation. The more frequent inundation
of the floodplain and saturation of the channel banks as well as the weight of the additional
sediment are likely to exacerbate bank slumping that is already naturally occurring in these
reaches. However, it is unknown whether this will result in discernible changes in the channel
geometry over the long-term. Given that the current rate of channel migration is relatively low at
only a few inches per year, it follows that the base of the bank slumps, located along the outside
of a meander bend, is generally eroding at a slightly higher rate than the rate of deposition at the
top of the slumps. Along the inside of the meander bend, the opposite is occurring. With more
frequent inundation from the staging of floodwaters and therefore a greater rate of overbank
deposition, the rate of deposition may outpace the rate of erosion. Over the long-term, this could
result in a decrease in channel width. However, the decrease is likely to be small and will be
highly dependent of the future hydrologic conditions in the basin.

For the reaches that will be protected by the diversion alignment alternatives, the overbank
flooding is expected to be minimal to nonexistent. As a result, deposition of sediment in the
overbank areas is expected to decrease compared to current conditions. This would be expected
to reduce the rate of bank slumping. The reduction in flow is also expected to reduce the rate of
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erosion along the outside of the meander bends. As a result, the currently small rate of channel
migration is expected to be reduced.

9.4 Potential Effects on Riparian Vegetation

Moderate changes to riparian vegetation conditions are expected as a result of the FCP and LPP
alignment alternatives. For areas protected by the diversion, riparian vegetation will not be
subject to extended periods of inundation by floodwaters nor significant burial by overbank
sediment deposits. Additionally, damage from ice flows is expected to be reduced. The trees
and shrubs would be expected to encroach on the channel compared with current conditions and
be less impacted by bank slumping. An example of the riparian conditions that might be
expected to occur along those reaches protected by the diversion alignment is shown in Figure
9-6, which is a photo that was taken along Sheyenne River Reach 5. Reach 5 is currently
protected from flooding by the West Fargo Diversion.

Figure 9-6. Riparian Vegetation Conditions along Sheyenne River - 5

For the reaches upstream of the LPP diversion channel within the floodwater staging area, the
riparian vegetation will be subject to greater periods of inundation and greater burial by overbank
sediment deposits. However, according to the St. Paul District (USACE, 2012) the majority of
the floodplain species are adapted to inundation by floodwaters and partial burial by sediment
during the dormant season. However, if the inundation by floodwaters extends into the growing
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season, they are likely to be stressed, which would make them more susceptible to disease and
insects. Additionally, there could be greater damage from ice flows. As a result, the trees and
shrubs may tend to retreat away from the channel. If this occurs, seasonal grasses or other
vegetation types better suited to such conditions will be more prominent in these areas. The
increased rate of bank slumping would also be expected to result in fewer trees in close
proximity to the channel. An example of the riparian vegetation conditions that might be
expected within the staging areas upstream of the diversion is shown in Figure 9-7, which is a
photo that was taken along Sheyenne River Reach 1 following the spring and summer flood of
2011.

Figure 9-7. Riparian Vegetation Conditions along Sheyenne River - 1

The impacts on the channel morphology as a result of changes in the riparian vegetation
conditions are expected to be minimal. There does not appear to be any significant increase in
erosion resistance for banks that have greater root density or vegetative cover. The slippage
surface of the rotational bank slumps is typically below the depth of root penetration. Therefore,
the riparian vegetation generally does not add sufficient resistance to prevent or reduce
movement along the slippage surface. In fact, the added weight of the trees located on the
slumping portion of the bank may tend to accelerate movement of the slumping material.
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9.5 Conclusions for Future Conditions

In the following sections, the expected impacts on the geomorphology of each of the study
streams are discussed. Additionally, the expected impacts of sedimentation within the FCP and
LPP diversion channels are presented.

95.1 Buffalo River

The Buffalo River is a tributary to the Red River and is located downstream of where both the
LPP and FCP diversion would flow into the Red River. The bed and banks are formed from
cohesive clay and silt that is resistant to significant erosion. The specific gage analysis, bank
erosion analysis, channel migration analysis, Rosgen analyses, and historic cross section analysis
indicate that Buffalo River Reach 1 is very stable and is unlikely to be impacted by changes in
hydrology or sediment supply. Further, the only hydraulic impact on the Buffalo River will be a
slight increase in backwater from increased flows in the Red River created by the FCP diversion.
This would not be expected to have a significant impact on the morphology of the Buffalo River.

952 Lower Rush River

The Lower Rush River is a tributary to the Sheyenne River and will be entirely intercepted by
the LPP diversion. No impacts to the morphology are expected as a result of the FCP diversion.
The Lower Rush River has been significantly altered by channelization to increase flood
capacity. Its bed and banks are composed of cohesive clay and silt. The bank erosion analysis,
channel migration analysis and Rosgen analyses indicate that Reaches 1 and 2 are both very
stable. Reach 2 is located upstream of the LPP diversion channel and is not expected to be
impacted. Reach 1 is located downstream of the LPP diversion and will no longer receive flow
and sediment from Reach 2. Reach 1 will receive only local runoff and sediment inputs. It will
also be partially inundated by backwater from high flows in the Sheyenne River. This will result
in sediment deposition within the backwatered portion of Reach 1. However, the backwater is
not expected to be significant given that this portion of the Sheyenne River is protected from
high flows by the LPP diversion. Inflowing sediment from local drains would be expected to
deposit within the channel of Lower Rush River Reach 1. A localized buildup of sediment at the
drain outlets should be expected since there is likely to be insufficient flow in the channel to
transport the inflowing sediment. Reach 1 is expected to decrease in width and depth in the
future as a result of the LPP diversion.

9.5.3 Maple River

The Maple River is a tributary to the Sheyenne River and will be partially intercepted by the LPP
diversion. No impacts to the morphology are expected as a result of the FCP diversion. Reach 1
has a bed composed of cohesive clay and silt, which is overlain by a layer of sand. Reach 2 has a
bed composed of cohesive clay and silt. The banks of Reach 1 and 2 are composed mostly of
cohesive clay and silt with a minor amount of sand. The bank erosion analysis, channel
migration analysis, specific gage analysis, and Rosgen analyses indicate that Reaches 1 and 2 are
both very stable. The historic cross section comparison suggests that Reach 1 has degraded by
several feet. The historic cross section comparison for Reach 2 suggests that the channel has
aggraded significantly. However, the available historic cross section in this reach is located
immediately upstream of a grade control structure. It is unknown when the structure was built,
but the channel appears to be responding to its presence as expected.
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The LPP alignment will cross the Maple River within the upper portion of Reach 1. Therefore,
Reach 2 and the upper portion of Reach 1 are not expected to be impacted by the diversion. The
hydrology for the lower portion of Reach 1, located downstream of the diversion, will be
reduced. Discharge less than or equal to the 2-year annual recurrence interval flow will pass
downstream into the lower portion of Reach 1. The continuation of frequently occurring flows in
Reach 1 is expected to maintain the existing channel morphology.

954 Red River

The Red River has a bed and banks that are generally composed of cohesive clays and silts.
Reaches 3, 4, 7, and 8 were seen to have a moderate portion of sand in the bed. However, the
sand was generally observed to form a relatively thin layer over the consolidated clay and silt
bed. The banks along Reaches 2, 7, and 8 also contained a moderate portion of sand. Reaches 7
and 8 are located near the sandy beach deposits of glacial Lake Agassiz. Reach 2 is located just
downstream from the confluence with the Sheyenne River. The Rosgen analysis indicated that
the Red River is moderately unstable. However, the meander migration analysis indicated that
all of the reaches are stable. The bank erosion analysis indicated that Reaches 2, 7, and 8 had
small but measurable bank erosion. The remaining reaches had no measureable bank erosion.
The historic cross section analysis indicated that Reaches 2, 3, 7, and 8 are degrading slightly
and that Reach 4 is decreasing in width and Reach 5 is increasing in width. The specific gage
analysis indicated that the Red River at Halstad, MN, located a significant distance downstream
of Reach 1, is degrading slightly and that the Red River at Hickson, ND, located in Reach 7, is
stable.

The FCP diversion alignment will divert water in excess of the 3.6-year flood from the Red
River near the upstream end of Reach 5 and will convey the water downstream to its confluence
with the Red River located near the upstream end of Reach 2. Reaches 3, 4 and most of 5 will be
protected from flooding by the FCP diversion. As a result, overbank sediment deposition will be
discernibly reduced and should help reduce bank slumping. The riparian trees and shrubs would
be expected to encroach on the channel compared with current conditions and be less impacted
by bank slumping.

Because sand-sized bed material currently forms a relatively thin discontinuous layer over the
cohesive bed of the Red River, no significant aggradation or degradation is expected along the
reaches that would be protected by the FCP diversion alignment. The very upstream end of
Reach 2, located between the Sheyenne River confluence and the FCP diversion confluence, may
experience minor aggradation if the sand load that is supplied by the Sheyenne River exceeds the
transport capacity of the protected portion of the Red River. As a result, Reach 1 and the portion
of Reach 2 located downstream of the FCP diversion may experience a slight reduction in sand
load. The bed material in these reaches is composed of cohesive clays and silts that are erosion
resistant and would not be expected to experience significant degradation resulting from a
reduced supply of sand. However, there is a high percentage of sand in the banks along Reach 2.
A reduction in the supply of sand may help reduce slumping of the sandy overbank deposits
along this reach. The morphology of Reaches 6-8, located upstream of the FCP diversion, are
not expected to be impacted.
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The LPP diversion will divert water in excess of the 3.6-year flood from the Red River at a
location that is approximately at the midpoint of Reach 6 and will convey water to the west and
north where it will pick up water from the Wild Rice, Sheyenne, Maple, Lower Rush, and Rush
Rivers. The diversion will reenter the Red River near the downstream end of Reach 2, at a point
just upstream of the confluence with the Buffalo River. Most of Reach 2, all of Reaches 3-5, and
the lower half of Reach 6 will be protected by the LPP diversion. As a result, overbank sediment
deposition will be discernibly reduced and should help reduce bank slumping. The riparian trees
and shrubs may tend to encroach on the channel compared with current conditions and be less
impacted by bank slumping.

Reaches 1 and 2 may experience a slight decrease in the supply of sand-sized material as a result
of the LPP diversion. The transport capacity of the Sheyenne River will be reduced slightly and
there is likely to be deposition and storage of sand within the diversion channel. The bed
material in Reaches 1 and 2 is generally composed of cohesive clays and silts that are erosion
resistant and would not be expected to experience significant degradation as a result of a reduced
supply of sand. However, there is a high percentage of sand in the banks along Reach 2. A
reduction in the supply of sand may help reduce slumping of the sandy overbank deposits along
this reach.

The portion of Reach 6 located upstream of the diversion and most of Reach 7 will be inundated
by staging of floodwater for the LPP diversion alternative. This will result in increased overbank
sedimentation and could exacerbate existing bank slumping. The expected depth of additional
overbank deposition resulting from the project is unknown. In order for this to be determined,
additional analysis beyond the scope of this study would be required. Increased frequency of
inundation may cause the trees and shrubs to be more susceptible to disease, insects and damage
from ice flows and therefore may tend to retreat away from the channel. If this were to occur,
they are likely be replaced by seasonal grasses or other vegetation types suited to such
conditions. The increased rate of bank slumping would also be expected to result in fewer trees
in close proximity to the channel.

955 Rush River

The Rush River is a tributary to the Sheyenne River and will be entirely intercepted by the LPP
diversion. No impacts to the morphology are expected as a result of the FCP diversion. The
Rush River has been significantly altered by channelization to increase flood capacity. Its bed
and banks are composed of cohesive clay and silt. The bank erosion analysis, channel migration
analysis and Rosgen analyses indicate that Reaches 1 and 2 are both very stable. Reach 2 is
located upstream of the LPP diversion channel and is not expected to be impacted. Reach 1 is
located downstream of the LPP diversion and will no longer receive flow and sediment from
Reach 2. Reach 1 will receive only local runoff and sediment inputs. It will also be partially
inundated by backwater from high flows in the Sheyenne River. This will result in sediment
deposition within the backwatered portion of Reach 1. However, the backwater is not expected
to be significant given that this portion of the Sheyenne River will be protected from high flows
by the LPP diversion. Inflowing sediment from local drains would be expected to deposit with
the channel of Rush River Reach 1. A localized buildup of sediment at the drain outlets should
be expected since there is likely to be insufficient flow in the channel to transport the inflowing
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sediment. Reach 1 is expected to decrease in width and depth in the future as a result of the LPP
diversion.

9.5.6 Sheyenne River

The Sheyenne River is a tributary to the Red River with its confluence located at the upstream
end of Red River Reach 2. The bed and banks are generally composed of sand, silt, and clay
with the percentage of sand generally increasing in the upstream direction. Available boring logs
indicate that the sandy sediments are underlain by cohesive clays and silts. The Rosgen analysis
indicated that the Sheyenne River is stable. The meander migration analysis indicated that all of
the reaches are stable. The bank erosion analysis indicated that Reaches 7 and 8 had small but
measurable bank erosion. The remaining reaches had no measureable bank erosion. The historic
cross section analysis indicated that Reaches 4 and 8 are degrading slightly and that Reach 2
aggrading slightly. Reach 6 is decreasing in width and Reach 8 is increasing in width. The
specific gage analysis indicated that the Sheyenne River near Kindred, ND, located in Reach 8, is
degrading slightly and that the Sheyenne River at West Fargo, located in Reach 5, is aggrading
slightly.

There is a potential for minor changes to the morphology of the lower portion of Sheyenne River
Reach 1 as a result of the FCP diversion. Since the Red River will be protected from high flows
at its confluence with the Sheyenne River, backwater conditions in the lower portion of Reach 1
will be reduced. This may reduce overbank inundation and sedimentation and therefore increase
bank stability and possibly vegetation density.

The LPP diversion will divert flow above the 2-year recurrence interval flood into the diversion
channel. Most of Reach 7 and all of 8 are located upstream of the diversion and are not expected
to be impacted by the diversion. Reaches 1-6 will be protected by the diversion. Reach 5 will
also continue to be protected by the West Fargo Diversion and therefore will not be impacted by
the LPP diversion. Reach 6 is located downstream of the existing Horace to West Fargo
diversion. The LPP diversion is expected to provide a similar level of flood protection to Reach
6; therefore, no significant morphologic changes are expected. Reaches 1-4 are not currently
protected by a diversion. Therefore, the LPP diversion is expected to discernibly reduce
overbank sediment deposition which should help reduce bank slumping. The riparian trees and
shrubs may tend to encroach on the channel compared with current conditions and be less
impacted by bank slumping.

957 Wild Rice River

The Wild Rice River is a tributary to the Red River with its confluence located upstream of the
FCP diversion and downstream of the LPP diversion. No impacts to the morphology are
expected as a result of the FCP diversion. The bed and banks are generally composed of
cohesive clay and silt that is resistant to significant erosion. A small portion of sand was found
in the bed and banks along Reaches 5 and 6. Minor bank erosion was measured in Reaches 2
and 4. The remaining reaches had no measurable bank erosion. No historic cross sections data
were available for this river. The specific gage analysis indicated that Reach 6 has been slowly
degrading. The Rosgen analyses and channel migration analysis indicate that all reaches are
very stable.
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Reach 1 and most of Reach 2 will be protected by the LPP diversion. As a result, overbank
sediment deposition will be discernibly reduced and should help reduce bank slumping. The
riparian trees and shrubs may tend to encroach on the channel compared with current conditions
and be less impacted by bank slumping.

Reach 4 and the lower portion of Reach 5 will be inundated by staging of floodwater for the LPP
diversion alternative. This will result in increased overbank sedimentation and could exacerbate
existing bank slumping. The expected depth of additional overbank deposition resulting from
the project is unknown. In order for this to be determined, additional analysis beyond the scope
of this study would be required. Increased frequency of inundation may cause the trees and
shrubs to be more susceptible to disease, insects and damage from ice flows and therefore may
tend to retreat away from the channel. If this were to occur, they are likely be replaced by
seasonal grasses or other vegetation types suited to such conditions. The increased rate of bank
slumping would also be expected to result in fewer trees in close proximity to the channel.

9.5.8 Wolverton Creek

Wolverton Creek is a tributary to the Red River with its confluence located upstream of the FCP
diversion and downstream of the LPP diversion. No impacts to the morphology are expected as
a result of the FCP diversion. The bed and banks are formed from cohesive clay and silt that is
resistant to significant erosion. The Rosgen analyses indicate that Wolverton Creek is very
stable and is unlikely to be impacted by changes in hydrology or sediment supply. The historic
cross section analysis indicated that the top width has increased slightly and the channel has
degraded somewhat. Reach 2 will be inundated by staging of floodwater for the LPP diversion
alternative. This will result in increased overbank sedimentation and could exacerbate existing
bank slumping. Increased frequency of inundation may cause the trees and shrubs to be more
susceptible to disease, insects and damage from ice flows and therefore may tend to retreat away
from the channel. If this were to occur, they are likely be replaced by seasonal grasses or other
vegetation types suited to such conditions. The increased rate of bank slumping would also be
expected to result in fewer trees in close proximity to the channel. Reach 1 is located
downstream of the LPP diversion. Therefore, overbank areas are expected to be inundated less
frequently which should reduce bank slumping. The riparian trees and shrubs may tend to
encroach on the channel compared with current conditions and be less impacted by bank
slumping.

9.5.9 FCP Channel

The FCP diversion channel will divert a portion of the flow from the Red River to prevent
discharges in the Red River at Fargo, ND from exceeding the 3.6-year recurrence interval flood.
The Red River does not have a significant supply of sand. Therefore, the diverted flow will be
transporting clay- and silt-sized particles. These fine-grained sediments are expected to stay in
suspension within the diversion channel. No significant sediment deposition would be expected.
The lower end of the FCP channel is generally steeper than the upstream reaches. Erosion of the
channel bed would be expected at this location unless protected by armoring.
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9.5.10 LPP Channel

The LPP diversion channel will divert a portion of flow from the Red River and Wild Rice River
to prevent discharges in the Red River at Fargo, ND from exceeding the 3.6-year recurrence
interval flow. It will also divert a portion of the flow from the Sheyenne River and Maple River
to prevent the discharge in the portion of the channel downstream immediately downstream of
the diversion from exceeding the 2-year recurrence interval flow. All flows from the Lower
Rush River and Rush River will be diverted into the LPP diversion channel.

The Red River and Wild Rice River do not have a significant supply of sand. Therefore, the
diverted flow will be transporting clay- and silt-sized particles. These fine-grained sediments are
expected to stay in suspension within the diversion channel. No significant sediment deposition
would be expected for the portion of the LPP diversion located upstream of the Sheyenne River.
The Sheyenne River transports a significant supply of sand-sized sediment in suspension. The
Maple River also transports sand-sized sediment in suspension. However, it is a much less
significant source compared to the Sheyenne River.

The finer grained portion of the suspended sand load is expected to be supplied to the LPP
diversion channel. This material would be expected to form localized deposits around hydraulic
structures and along the inside of bends in the diversion channel alignment. A preliminary low
flow channel design was developed and provided to the St. Paul District for the portion of the
LPP channel located below the confluence with the Lower Rush River. The low flow channel
would be expected to efficiently transport the inflowing sand load. However, during high flow
events in the LPP channel, sand deposits would be expected to form along the margins of the low
flow channel. Some future maintenance should be expected in order to maintain the desired
hydraulic capacity with the diversion channel. Additional sediment transport analysis is
recommended to further understand the potential amounts and extents of sedimentation as well
as probable maintenance requirements along the LPP Diversion channel.
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10 Summary and Conclusions

In the preceding chapters, a detailed study of the potential geomorphic impacts associated with
the proposed Fargo/Moorhead Flood Risk Reduction Project was conducted. The study included
detailed assessments of hydrology, geomorphic stream classification, historic channel plan form
and cross section geometry data, and sediment transport. A synthesis of the geomorphic analysis
results were then used to predict potential impacts for alternative future conditions. The overall
conclusions of the study include the following:

10.1 Hydrology Assessment

Channel-forming discharges for current conditions were estimated for the various involved water
courses were assessed using multiple methods. The average recurrence interval for channel
forming discharges was estimated to be 1.28 years, with a low recurrence interval of 1.05 years
and a high recurrence interval of 1.67 years. The defined values are consistent with the results of
other studies completed in the Upper Midwest.

Historic channel-forming discharges were also estimated using flood frequency data for historic
flows at the USGS gage Red River of the North at Fargo, ND. The results indicate that the
current channel-forming discharge has increased 152% compared to the historic channel-forming
discharge. Sufficient historical flow data does not exist for the study reaches. However, similar
increases in channel-forming discharge are likely to have occurred.

Discharge-duration analyses for the historic, current, and future (with project) conditions were
completed to assess whether notable changes in discharge have occurred and whether future
notable changes are expected to occur. The current and future (with project) conditions
discharge-duration curves have greater discharges than the historic conditions curves for the sites
for which data was available. Comparison of the current conditions to the future with project
LPP and FCP scenarios discharge-duration analyses indicated that the discharges are expected to
remain the same except in areas protected by the proposed diversion alignments. In the protected
areas, the lower more frequent flows will be essentially identical whereas the higher less frequent
flows would be reduced as a result of the diversion of flow into the diversion alignments. For
the LPP alignment, the Red River and Wild Rice River flows are capped at the 27.8-percent
annual chance (3.6-year) peak discharge. For the Sheyenne River and Maple River, flows larger
than the 50-percent annual chance (2-year) peak discharge are diverted into the diversion
alignment. For the Rush and Lower Rush Rivers, all flows are captured by the diversion channel
and only local inflows will drain to the channel downstream of the diversion. For the FCP
alignment, the Red River flows are capped at the 27.8-percent annual chance peak (3.6-year)
discharge.

Elevation-duration analyses were also completed for the historic, current, and future conditions.
In general, the water surface elevations have increased from the historic to current conditions as
a result of an increase in discharges. Water surface elevations are also expected to increase from
current to future (with project) conditions for detailed study reaches located in areas that will be
used to stage the flow upstream of the diversion inlet structures. However, water surface
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elevations are expected to decrease from current to future (with project) conditions in areas
protected by the diversion alignments.

Specific gage analyses indicate that the water surface elevations at the USGS gages within the
study area have remained relatively stable or have exhibited a slight decrease in water surface
elevation throughout their period of record. Seven of the eleven gages have relatively stable
stage-discharge relationships. Three gages, 05053000 — Wild Rice River near Abercrombie,
05059000 — Sheyenne River near Kindred, and 05064500 — Red River at Halstad show a
decreasing trend in stage, which indicates potential long-term degradation of the channels. One
gage, 05059500 — Sheyenne River at West Fargo, shows an increasing trend in stage, which
suggests potential long-term aggradation of the channel.

10.2 Geomorphic Stream Classification

Classifications of the detailed study reaches were made using several methods The Rosgen
Level Il classification system were conducted and indicate that the streams within the study area
are generally stable with the exception of the Red River. All of the Red River detailed study
reaches are classified as very susceptible to shifts in both lateral and vertical stability. While the
Red River detailed study reaches were classified by as unstable, examination of historic data
indicate that the Red River is not shifting noticeably over time and therefore is not unstable.

Analyses completed using the Rosgen Level 111 classification system indicate that the majority of
the reaches are classified as being either stable or only moderately unstable laterally, with only 3
of the 31 detailed study reaches classified as unstable. All of the detailed study reaches are
predicted by the Level 111 method to experience no or slight degradation over time. The findings
of the Level 1l classification method reinforce the findings of the Level Il findings in that the
channels are predicted to remain generally stable over time.

The Schumm Stream Classification Method indicates that all 31 detailed study reaches are
classified as stable suspended load channels. Classification of the detailed study reaches as
stable using the Schumm Method further reinforce the results of the Rosgen Method, considering
that the Schumm Method uses a process-based classification rather than a form-based
classification like the Rosgen Method. Two completely different methodologies provided the
same result, which allows for a confident prediction that the streams within the study area are
generally stable and are not expected to change significantly in the future.

10.3 Stability Analysis

Available historic aerial photography and cross section data were evaluated to assess the stability
of the involved watercourses. All but three of the study reaches have sinuosity values that
exceed 1.5 and are considered meandering as defined by Leopold, et al. (1992). The other two
are defined as sinuous, but were likely affected by historic straightening. Typically, meandering
watercourses migrate over time as their outer banks are eroded by fluvial processes.

The results of assessments of historic sinuosity, meander migration, amplitude and frequency,
belt width, channel width, and bank erosion conditions, demonstrate that the study reaches
appear to be in a state of relative stability, showing little change between subsequent years. The
calculated rates of change between years are either zero or small non-zero values that are likely
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within the range of error inherency to the methods used for their determination. Within the
project area, bank stability and resistance to significant migration are largely due to the relatively
low velocities experienced during major flooding and the generally erosion resistant nature of the
highly cohesive clay soils, which are the predominant bed and bank material. The involved
watercourses appear to be relatively insensitive to long-term changes in discharge and sediment
availability.

Analysis of historic and current cross sections provided useful insight into the stability of the
system. While certain cross sections were found to be consistently widening or narrowing, a
consistent trend in width changes was not observed throughout the entire system. Of the 30
historic cross sections examined, 13 were narrowing, 10 were widening, and 7 had no discernible
trend. In an effort to understand the relative stability of channel cross sections, the width and
depth data for the cross sections were compared to estimates derived from regime equations for
channel width and depth. A wide range of results from the regime assessment did not allow
definitive conclusions to be drawn regarding both the ability of the employed methodology to
predict the regime width or depth accurately for the project area or the relative stability of the
channels.

Although there is not sufficient data to suggest that there is a general system-wide widening or
narrowing of the channels with time, the data does indicate that there may be general degradation
occurring within the system. Of the 30 cross sections evaluated, 18 appear to be degrading, 2
appear to be aggrading, and 10 had no discernible trend.

Overall, the stability assessment indicates that the streams in the study area are in dynamic
equilibrium. Laterally, these streams are not migrating or changing width with any discernible
pattern over the time scales of the available data. Any significant migration of the channels
appears to occur over timescales of hundreds if not thousands of years.

Generally, the stability assessment analyses conducted indicate that the involved watercourses
are not significantly impacted by changes in discharge or sediment availability, likely due to the
highly cohesive banks and beds that exist throughout a majority of the system, the low energy
gradient of the streams, and the lack of a significant supply of coarse sediment. Therefore, future
changes in discharge and/or sediment supply are not expected to result in major channel
planform or cross-section geometry changes.

10.4 Sediment Impact Analysis

Discharge-frequency, discharge-duration, and elevation-duration curves were developed for
select locations within the FCP and LPP alignments. These future flow characteristics were used
to compute sediment transport within the diversion alternatives. Additional detailed sediment
transport evaluations for existing and alternative conditions were conducted for all other
involved watercourses using the SIAM module within HEC-RAS. The results of the SIAM
analysis were determined to be problematic due the lack of a suitable sediment transport function
within the software applicable to cohesive sediments and the general characteristics of the
involved watercourses. Alternatively, an evaluation of the general sediment transport ability of
each reach of the involved watercourses was conducted. The evaluation results indicate that all
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study reaches could mobilize and transport fines sands, when considered on a reach-averaged
basis.

Future channel-forming discharge was assessed through an evaluation the average annual shear
stress expected to occur within each stream. When hydrologic inputs to a stream are reduced,
such as in areas protected by the proposed diversion alignment alternatives, the maximum shear
stresses acting on the channel will also be reduced. Therefore, the reductions in average annual
shear stress are expected to be linked to the reduction in channel-forming discharge.
Comparison of future conditions shear stresses to current conditions shear stresses indicated that
the LPP and FCP alignment alternatives reduced the average annual shear stress in protected
reaches by less than 5-percent compared to the existing conditions. For the reaches located
upstream and downstream of the area protected by the proposed diversion alignments, the future
channel-forming discharge is expected to be the same as the current channel-forming discharge.

10.5 Monitoring Plan

Given the inherent stability of the stream channels within the study area, the need for monitoring
potential geomorphic impacts of the proposed project are limited. A plan for monitoring the
geomorphic response of the stream channels to the proposed project was developed that involves
aerial photography evaluations, field reconnaissance, channel cross section surveys and regular
communication with project stakeholders. The frequency of monitoring will decrease over time
after project completion, assuming that significant adverse impacts from the project do not occur.

10.6 Future Conditions

Results of the geomorphic assessment indicate that the involved study reaches are not prone to
significant change in morphology over short or even moderate periods of time. Channel
migration rates are on the order of a few inches per year. The erosion resistant nature of the
cohesive glacial lake bed soils and the very flat gradient of the channels prevent significant
changes in channel cross section geometry and results in very low rates of lateral migration.
Further, the sediment supply from upstream and the surrounding landscape is generally
composed of silt- and clay-sized material with only minor amounts of sand-sized material. The
study streams appear to have sufficient capacity to transport nearly all of the sediment supplied
to them in suspension as wash load.

Although the Sheyenne River has a relatively greater proportion of sand-sized material compared
to the other study streams, the underlying cohesive clay and silt bed still appears to control the
overall channel geometry and rate of lateral migration within the study area. As previously
mentioned, the greater abundance of sand within the Sheyenne River is the result of the river
traversing the ancient beach deposits of glacial Lake Agassiz in the portion of the basin located
upstream from the study area. As a result, a relatively larger amount of sand-sized material is
supplied to the study reaches of the Sheyenne River. This material is transported as both
suspended load and bed load. Again, alluvial channel features that are typically associated with
sand bed rivers are not present along the project’s study reaches. This suggests that the
Sheyenne River generally has the capacity to transport the majority of the sand-sized material
that is supplied to it from upstream sources.
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Significant sediment deposition would not be expected within the FCP Diversion channel
because the Red River does not have a significant supply of sand. The fine-grained sediments
entering the FCP channel from the Red River are expected to stay in suspension within the
diversion channel. The lower end of the FCP channel is generally steeper than the upstream
reaches. Erosion of the channel bed would be expected at this location unless protected by
armoring.

Localized deposits around hydraulic structures and along the inside of bends in the LPP
Diversion channel alignment downstream of the Sheyenne River would be expected due to the
significant supply of sand-sized sediment transported in suspension by the Sheyenne River.
Some future maintenance should be expected in order to maintain the desired hydraulic capacity
with the diversion channel. Additional sediment transport analysis is recommended to further
understand the potential amounts and extents of sedimentation as well as probable maintenance
requirements along the LPP Diversion channel.

The expected changes to the geomorphology of each of the study streams for the LPP and FCP
diversion alternative were presented in Section 9.5 and are summarized in Table 10-1 and Table
10-2, respectively. As seen in the tables, bank stability and riparian vegetation density are
expected to slightly increase in the reaches that are protected from high flows by the proposed
LPP and FCP diversion alignments. Conversely, bank stability and riparian vegetation density
are expected to slightly decrease in the staging areas upstream of the LPP diversion alignment as
a result of more frequent overbank inundation and sedimentation. The only expected significant
changes in channel geometry are for Reach 1 of the Rush River and Reach 1 of the Lower Rush
River. Since all flow in the Rush and Lower Rush will be diverted by the LPP diversion
alignment, local runoff and backwater from the Sheyenne River is expected to cause
sedimentation in the portion of these streams located downstream from the diversion. Therefore,
the channel size for these reaches would be expected to decrease over time.
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Table 10-1. Predicted Geomorphology Impacts Resulting from LPP Diversion Alternative

Channel Riparian P_redict.ed
General Study Reach Baf".‘ Migration Bankiull Ban_kfull Vegetation Discernible
Stability Rate Depth Width Density Changes to
Geomorphology
Buffalo River 1 0 0 0 0 0 No
Lower Rush River 1 0 0 - - + Yes
Lower Rush River 2 0 0 0 0 0 No
Maple River 1 + 0 0 0 + Minor
Maple River 2 0 0 0 0 0 No
Red River 1 0 0 0 0 0 No
Red River 2 + 0 0 0 + Minor
Red River 3 + 0 0 0 + Minor
Red River 4 + 0 0 0 + Minor
Red River 5 + 0 0 0 + Minor
e N R R R
e R IR R R
Red River 7 - 0 0 0 - Minor
Red River 8 0 0 0 0 0 No
Rush River 1 0 0 - - + Yes
Rush River 2 0 0 0 0 0 No
Sheyenne River 1 + 0 0 0 + Minor
Sheyenne River 2 + 0 0 0 + Minor
Sheyenne River 3 + 0 0 0 + Minor
Sheyenne River 4 + 0 0 0 + Minor
Sheyenne River 5 0 0 0 0 0 No
Sheyenne River 6 0 0 0 0 0 No
Sheyenne River 7 0 0 0 0 0 No
Sheyenne River 8 0 0 0 0 0 No
Wild Rice River 1 + 0 0 0 + Minor
Wild Rice River 2 + 0 0 0 + Minor e
Wild Rice River 3 - 0 0 0 - Minor
Wild Rice River 4 - 0 0 0 - Minor
Wild Rice River 5 0 0 0 0 0 No
Wild Rice River 6 0 0 0 0 0 No
Wolverton Creek 1 + 0 0 0 + Minor
Wolverton Creek 2 - 0 0 0 - Minor
(0) No Change, (+) increasing, (-) decreasing
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Table 10-2. Predicted Geomorphology Impacts Resulting from FCP Diversion Alternative

Channel Riparian P_redict.ed
General Study Reach Baf".‘ Migration Bankiull Ban_kfull Vegetation Discernible
Stability Rate Depth Width Density Changes to
Geomorphology

Buffalo River 1 0 0 0 0 0 No
Lower Rush River 1 0 0 0 0 0 No
Lower Rush River 2 0 0 0 0 0 No
Maple River 1 0 0 0 0 0 No
Maple River 2 0 0 0 0 0 No
Red River 1 0 0 0 0 0 No

Red River 2 dis of ¥ 0 0 0 0 Minor

Red River 2uisof | 0 : 0 0 Minor
Red River 3 + 0 0 0 + Yes
Red River 4 + 0 0 0 + Yes
Red River 5 + 0 0 0 + Yes
Red River 6 + 0 0 0 + Yes
Red River 7 0 0 0 0 0 No
Red River 8 0 0 0 0 0 No
Rush River 1 0 0 0 0 0 No
Rush River 2 0 0 0 0 0 No

Sheyenne River 1 + 0 0 0 + Minor
Sheyenne River 2 0 0 0 0 0 No
Sheyenne River 3 0 0 0 0 0 No
Sheyenne River 4 0 0 0 0 0 No
Sheyenne River 5 0 0 0 0 0 No
Sheyenne River 6 0 0 0 0 0 No
Sheyenne River 7 0 0 0 0 0 No
Sheyenne River 8 0 0 0 0 0 No
Wild Rice River 1 0 0 0 0 0 No
Wild Rice River 2 0 0 0 0 0 No
Wild Rice River 3 0 0 0 0 0 No
Wild Rice River 4 0 0 0 0 0 No
Wild Rice River 5 0 0 0 0 0 No
Wild Rice River 6 0 0 0 0 0 No
Wolverton Creek 1 0 0 0 0 0 No

(0) No Change, (+) increasing, (-) decreasing
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